In the current scenario of sky high population and widespread food insecurity, there is an urgent need for productivity improvement of major crops like pulses, one of the most climate friendly and accessible foods for the large poor population of the world. Chickpea is an important pulse crop, having high percentage of nutritional content and is widely used as food across the world. Induced mutagenesis has proved over time as a coherent tool for modern plant breeders to improve the productivity for combating the food insecurity and malnutrition across the globe. Dry and healthy seeds of Cicer arietinum L. var. C-235 were treated with individual and combination doses of gamma rays, sodium azide and hydrazine hydrate to raise the M 1 generation. M 2 seeds harvested from M 1 plants were sown in the nest season. Bio-physiological study in M 1 generation showed growth inhibition in the order viz. combination treatment>hydrazine hydrate>gamma rays>sodium azide. In M 2 generation, comparative observations were recorded for morphological variation and quantitative traits to assess the genetic response of the chickpea variety C-235 toward the different concentrations of mutagens. Observations on isolated mutants in M 2 generation revealed that 0.3% HZ + 0.02% SA was most mutagenic while 200 Gy, 0.03% SA and 0.2% HZ were highest in their individual treatment groups. In context to the frequency of morphological mutants studied in M 2 generation, dwarf mutants were found to be highest followed by tall and branching pattern mutants. Highly significant correlation coefficient between yield and other traits showed that the selection for high yielding mutants can be done on the basis of these traits undoubtedly.
Introduction
Mutation breeding is one of the most important and reliable technique in improving the genotype of crop plants [1] . The genetic makeup of economic crops has been improved by mutation breeding along with significant increase in crop production [2, 3] . The improvement of economic traits and quality characters for improvement of crop within the short period of time can be achieved by the help of induced mutagenesis [5, 6] . Induced morphological mutants are useful for the development of improved varieties when they are used in cross breeding programmes [4, 7, 8] . Chickpea (Cicer arietinum L.) is an important nutritional pulse crop. Its seeds are rich in proteins, carbohydrates, fats and other essential nutritive components. The seeds are rich and cheap source of dietary nutrients and are useful for malnourished people [11] . The origin of Chickpea is believed to be in south eastern Turkey and adjoining areas of Iraq, Iran and former Soviet Union [12] . Chickpea ranks second food legume and third largest grown pulses of the world [24] . In India, chickpea is cultivated under 8.21 million hectares of area with an annual production of 7.35 million tones, average yield is 895 kg/ha and average growth rate production was 4.58 percent [25] . Considering the rapidly increasing population and declining per capita pulses consumption in India, while also considering comparatively large area under its cultivation then other pulses, the chickpea production statistics over the last decade is not sufficient to meet the growing demand. Therefore, attempts are needed to crack the stagnation of chickpea productivity by develop high yielding and better adapted varieties. Plant breeding requires genetic variation of useful traits for crop improvement and chickpea, being a self-pollinated crop, lacks the sufficient natural variability. So, in order to break the genetic bottleneck of the chickpea genotypes developed in due course by different agronomical practices, the possibility offered by induce mutagenesis is tremendous and of extreme importance. The main purpose of this work was to evaluate the mutagenicity of gamma rays, HZ and SA doses employed and the magnitude of variability induced in various morphological and quantitative traits of the chickpea genotype C-235 for the practicable selection based on yield attributing traits.
Materials and Methods
Fresh and healthy seeds of Cicer arietinum L. var. C-235 obtained from Government Seed Store, Aligarh, India were used for this experiment. 13 sets of seeds each containing 42 seeds were used in this experiment. Out of these 13 sets, one set was kept as control whereas, the rest were equally used for treatments of gamma rays, HZ and SA. The doses of mutagens selected in this experiment were finalised from the in vitro germination test conducted in Petri plates kept in the BOD incubator at 27 ± 1°C temperature, prior to the present investigation in which we considered only three of the higher doses with least inhibition/most germination. Seeds were treated with gamma rays (100, 200 and 300 Gy), HZ (0.1, 0.2 and 0.3%), SA (0.01, 0.02 and 0.03%) and combination treatments of HZ and SA (0.1% HZ+.02% SA, 0.2% HZ+0.02% SA and 0.3% HZ+.02% SA). For chemical mutagen treatments of both single and combination, the pre-soaked (9hrs) were subjected to 6hrs treatments of each doses of mutagen. Seeds were thoroughly washed in running tap water after that to remove any chemical residue attached. For physical treatment, dry seeds were directly irradiated with 100, 200 and 300 Gy of gamma rays with radioisotope 60Co, Cobalt-60, source chamber. The seeds were sown in 10"×15" pots to raise the M 1 generation in the crop season 2014-2015. Seeds collected from M 1 plants were sown in the next crop season (2015-16) to raise the M 2 generation. In M 1 generation, only the biological inhibition caused by the mutagen doses was calculated in rate of germination. While in M 2 population, Descriptive data on quantitative traits were recorded and Duncan Multiple Range Test (DMRT) was applied using IBM SPSS 20.0 to determine the statistical significance of the variation created by different doses of mutagens. Morphological variations induced in the M 2 population were recorded using descriptors for chickpea [IBPGR, ICRISAT and ICARDA, 1993], while also considering control population as standard. Phenotypic mutant frequency was calculated to determine the morphological response of the genotype used and the sensitivity of the different plant parts towards the doses. Pearson correlation matrix was also worked out to find the linear character associations between the different agronomic traits of interest.
Results

Study in M 1 generation
Percentage germination and inhibition
Percentage germination was recorded in both pots and petriplates in M 1 generation. In both physical and chemical mutagen treated plants, the percentage seed germination declined with the increasing doses/concentrations. The maximum inhibition in germination was observed in combination treatment 0.3% HZ+0.02% SA (29.16%). The order of mutagens affecting the germination at higher doses/concentrations was found to be HZ+SA>HZ>gamma rays>SA. In petriplates also, the maximum percentage inhibition was recorded in 0.3% HZ+0.02% SA (22.22%). In petriplates, the order of mutagens affecting the germination at higher doses/concentrations was found to be HZ+SA>HZ>SA>gamma rays (Table 1) . Table 2 ). The maximum height was observed in 100 Gy (51.60 cms) followed by 0.2% HZ (51.36) whereas, the minimum height was observed in combination treatment of 0.3%HZ +0.02%SA (47.56 cms) followed by 0.3% HZ (49.50 cms).
B. Total number of branches per plant
The mean number of branches per plant in control plants was observed as 13.53 while as in treated plants, it ranged between 7.96-10.46. The maximum number of total branches was observed in 0.2% HZ (10.46) followed by 200 Gy (10.11).
C. Fertile branches per plant
The mean fertile branches per plant in control plants was observed as 9.33 whereas, in treated plants it ranged between 7.96-10.11. The highest number of fertile branches per plant was observed in 0.1% HZ (10.46) whereas, the minimum number of branches was observed in 0.3%HZ +0.02%SA (7.96) ( Table 2 ).
D. Number of pods per plant
The average number of pods per plant in control plant was observed as 30.26. Lower doses/concentrations increased the number of pods compared to control. The highest number of pods per plant was observed in 0.2% HZ (33.36) followed by 0.2%HZ +0.02%SA (32.93) and 0.02% SA (32.80).
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E. 100 seed weight (g)
The yield of plants was calculated as the weight of 100 seeds in both untreated and treated plants. In control the average yield was observed as 22.26 g whereas, the lower doses/concentrations significantly increased the yield. The highest yield was observed in 0.2% HZ (24.06 g) followed by 0.2%HZ +0.02%SA and 0.02% SA (23.86 g). 
Morphological mutations
Different morphological mutants like tall, dwarf, bushy, one sided branches, broad and narrow leaf, broad pod and small pod were observed from M 2 population (Table 3) . Mutants like bushy, broad leaf and broad pod were observed in lower doses/concentrations of gamma rays, HZ, SA and lower combination treatment of HZ+SA whereas, the higher doses/concentrations of gamma rays, HZ, SA and higher combination treatments of HZ+SA produce the mutants like one sided branches, narrow leaf and narrow pod. 
Correlation studies of yield and its component traits
Correlation data for different component traits are presented in Table 4 . Correlation studies were observed for yield and its component traits in M 2 population. Significant correlation was observed among all quantitative traits in M 2 population. Yield showed significant and positive correlation with other components like pods, fertile branches at 0.01 significance level. 
Discussion
The present experiment was conducted to assess the effect of both physical and chemical mutagenesis in Cicer arietinum L. var. C-235. The current experiment on different parameters revealed that the genotype is more sensitive to HZ and combination treatments than gamma rays and SA.
Percentage seed germination was observed to be decreased with increasing doses/concentrations of both physical and chemical mutagens. However, the effect was more pronounced in HZ than others, thus showing the more sensitivity of the genotype towards HZ. Reduction in seed germination may be due to the disturbed base pair relationship caused due to the effect of mutagens [1] . The available literature on germination inhibition due to mutagen doses suggested the inhibition of auxin synthesis, decline of assimilation mechanism and disturbance in enzyme formation may be the possible factors responsible [1] .
Induced morphological mutations affecting key plant attributes generally regarded as promising from mutation breeder's point of view. In any mutation breeding programme, isolation and characterization of the morphological mutants in M 2 progenies facilitate an important role in determining the genotypic sensitivity and mutagenic mutability. This assessment also assists to understand the mean deviation induced in the agronomic traits. In chickpea, several morphological mutants based on growth habit, size, leaf, flower and seeds were reported [4, 9, [14] [15] [16] [17] with the application of single and combination treatments of physical and chemical mutagens. Since, every individual gene responsible for trait of agronomic interest can mutate, therefore, a wide spectrum of viable morphological mutants can be expected in mutation experiments [18] . Konzak [19] stated that the truly heritable morphological mutants like tall, dwarf, semidwarf, bushy, prostate and bold seeded mutant types were found to be controlled by polygenes whereas Reddy and Gupta [20] viewed that most of the true breeding mutants were governed by single recessive genes. Different morphological mutants like tall, dwarf, bushy, one sided branches, broad leaf and broad pod appeared in the M 2 population with increasing frequency relative to the increasing doses. Enhancement of both frequency and spectrum of induce morphological mutations towards desired plant characteristics in a sustainable manner is key in mutation breeding experiment for crop improvement. Although identified morphological mutants cannot always be a predicted one and may contain undesirable attributes due to random mutational process, therefore, some mutants, nevertheless, could be used as a source of valuable genes in cross breeding programmes for quantitative traits improvement [16] , may be constructive in mapping studies [21] and in evolutionary studies on the crops [15] . The pleiotropic effects of mutated genes or chromosomal aberrations or gene mutations might be responsible for such mutants [22] .
The quantitative genetics theory concluded that the polygenic traits are governed by an array of genes with small but collective (additive) effect which can mutate in both directions with equal probability. Micro-mutations in genes controlling quantitative characters are important for crop improvement systems. In the present experiment, the mean deviation created in yield attributing traits due to the mutagenic treatments were found to be significant and also verifies the that low strength doses were more effective in increasing the mean values. Amin et al., [23] stated that it is imperative to know the interrelationships between agronomical polygenic traits for developing effective selection criteria for the desired trait without compromising other equally essential characters in lentil mutation breeding. Significant correlation was found among different quantitative traits, thus signifying the effectiveness of mutagens on the variety. It has also been reported that the mutagenesis can weaken or strengthen the association between different agronomic traits [10, 13] . The increase in phenotypic and genotypic diversity in current crop using mutations can provide additional genetic markers for genetic enhancement and linkage studies. Correlation studies have become an important and useful tool in breeding to determine the selection criteria. Correlations studies in mutation breeding have already been reported by many workers [9, 10] .
